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Introduction
Similar to national trends, occupa-
tional fatal injury rates declined in North
Carolina in the 1980s. 12 However, inter-
pretation of these trends is difficult
because, over the same period, employ-
ment patterns changed substantially. Ser-
vice and retail jobs increased significantly
in North Carolina in the 1980s, while
employment declined in the more danger-
ous textile and apparel, furniture, and food
manufacturing industries.
These changes in employment in
North Carolina, similar to changes in
national employment, have been character-
ized as evidence of an increasingly
postindustrial economy in which tradi-
tional manufacturing employment is re-
placed by service sector jobs.3 This paper
examines fatal injury rates in North
Carolina, with attention to these economic
trends. We calculate fatal injury rates
adjusted for changes in employment
patterns, fatal injury rates within specific
industries, and trends in injury rates
within the manufacturing and service
sectors of the economy that have been
identified as the primary sites of these
changing employment patterns.
Methods
In North Carolina, 600 physicians,
who act as local medical examiners,
collect information about all fatal injuries,
recording the manner and means of death,
whether the death occurred on the job, the
time of injury, and the cause of death,
which is coded according to the 9th
revision of the International Classifica-
tion of Diseases (ICD-9). The state's
medical examiner system has been viewed
as a model for other jurisdictions4 and as
well suited to epidemiologic studies of
occupational fatalities.5 From the records
of North Carolina's office of the chief
medical examiner, we examined deaths
occurring between January 1978 and
December 1991 that were due to uninten-
tional traumatic injury at work, identified
by the manner of death and ICD-9 codes.
Information about occupation and
industry at the time of injury was ab-
stracted from the narrative section of the
medical examiner's report and coded to
US census categories6 according to Na-
tional Center for Health Statistics guide-
lines.
The 1980 and 1990 US censuses
were used in estimating North Carolina's
workforce. Age was categorized as 18 to
24 years and then in 10-year groups up to
75 years of age and older. Race was
considered as Caucasian, African Ameri-
can, or other. Linear interpolation and
extrapolation allowed estimation of the
labor force in North Carolina by age,
gender, race, industry, and occupation for
the years 1978 through 1991.
To evaluate whether overall changes
in occupational fatality rates were ex-
plained by changes in the employment
structure, we calculated an adjusted rate,
applying occupation- and industry-spe-
cific fatality rates for two time periods to a
standard set of occupation- and industry-
specific workforce estimates.
Poisson regression7 was used to
examine the annual change in age-, race-,
and gender-adjusted fatal injury rates.
Age, race, gender, and age-gender interac-
tions were included in all models. Age
was categorized in the same manner as the
census data. Calendar year was consid-
ered as a linear term. Additive and
multiplicative relative risk models were
constructed by means of the Amfit pro-
gram8 and compared by examining the
change in deviance associated with the
calendar year term. Coefficients are re-
ported only for the multiplicative relative
risk model, which best fit the data.
Results
During the study period, 1989 deaths
from unintentional traumatic injuries were
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TABLE 1-Fatality Rates and Workforce Size by Industry Group, Ranked by Percentage Change in Size: North Carolina
No. Workers Crude Rate, Crude Rate, Change in Workforce, Change in
(per 1000), 1978 through 1987 through 1980 through Fatal Injury
Industry 1980 1982 (n) 1991 (n) 1990,% Rate, %
Apparel & textile mill products
Tobacco
Fabricated metal products
Food & kindred products
Furniture & fixtures
Sawmills planing & miscellaneous wood products
Wood buildings & mobile homes
Paper & allied products
Computer, medical, equipment
Miscellaneous
Rubber, leather, & miscellaneous plastics products
Stone, clay, glass, & concrete products
Pharmaceutical products & chemicals
Primary metal




Grocery stores & service stations-retail
Wholesale trade
Drug stores-retail
Professional & related services
General retail trade
Lodging services
Auto sales & services-retail & repair
Finance, insurance, & real estate
Eating & drinking establishments-retail
Entertainment & recreation services
Detective & protective services





































observed. In the first 5 years of observa-
tion (1978 through 1982), the overall crude
occupational fatal injury rate was 5.7 per
100 000 worker-years; in the last 5 years
of observation (1987 through 1991), the
crude fatal injury rate was 4.2 per 100 000
worker-years. Adjustment for changes in
employment structure since the 1978
through 1982 period increased the rate for
the last 5 years to 4.6 per 100 000.
Employment in manufacturing in-
creased 2.0% in North Carolina between
1980 and 1990. This was primarily due to
the growth of printing, computer, machin-
ery, and pharmaceutical industries; how-
ever, many traditional manufacturing in-
dustries, including textiles and apparel,
tobacco, furniture, and food products
manufacturing, declined in employment
(Table 1). The service sector, which
characterizes the growing postindustrial
economy, grew by 485 182 jobs (41.0%)
in North Carolina between 1980 and 1990
(Table 1).
Fatality rates declined in all service
sector industries and among most manu-
facturing industries that grew during the
1980s. In contrast, fatal injury rates
increased in every manufacturing industry
that declined in size during the 1980s
(Table 1). Notable increases in fatal injury
rates occurred in food manufacturing
(182% increase) and tobacco manufactur-
ing (253% increase) industries.
Manufacturing industries that de-
clined in employment experienced a 9.6%
average annual increase in fatal injury rates
(1 = 0.092, SE = 0.020). In the service
sector, fatal injury rates declined 4.0% per
year (1 = -0.041, SE = 0.016); among
manufacturing industries that grew during
the 1980s, fatal injury rates declined 6.8%
per year (1 = -0.07 1, SE = 0.019).
When annual fatality rates were
examined, there was evidence that fatali-
ties in 1991 exerted a great deal of
influence on our trend analyses. In Septem-
ber of that year, a fire at a poultry
processing plant in Hamlet, NC, killed 25
people and injured more than 50 others.
While there is no reason to discount those
occupational fatalities, their influence on
our estimates of annual trends can be
assessed. When we refit the regression
models excluding the last year of observa-
tion (1991), manufacturing industries that
declined in workforce size still showed an
increasing rate over the period (3.1%
increase per year), while service sector
industries showed a declining rate (2.6%
decline per year). Perhaps as important as
the magnitude of the trends we report,
however, is the evidence of increasing
rates within a broad category of declining
manufacturing industries (Table 1).
Discussion
Employment in North Carolina has
shifted from manufacturing and agricul-
tural industries toward the service sector.
Between 1970 and 1987, 80% of the new
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jobs in the state were outside manufactur-
ing.9 However, the decline in overall fatal
occupational injury rates in North Caro-
lina in the 1980s does not appear to be a
consequence of changes in employment
structure alone; adjustment for changes in
employment accounted for less than 10%
of the decline in fatal injury rates.
Unintentional fatal injury rates de-
clined in the growing service sector, as
well as in manufacturing industries that
grew in the 1980s in North Carolina.
These manufacturing industries, such as
computer and pharmaceutical manufactur-
ing, are primarily core industries in the
economy characterized by their capital
intensity, high productivity, high degree of
monopolization, and high wages.9
In contrast, employment declined in
many peripheral industries in North Caro-
lina, such as tobacco, textile, and apparel
manufacturing. These industries can be
characterized as labor-intensive, low pro-
ductivity industries with national and
intemational market competition and low
wages. Coincident with their declining
employment has been an increase in
occupational fatal injury rates among
those who have remained in these periph-
eral industries.
The reasons for rising fatality rates
during the 1980s in declining manufactur-
ing industries are not clear. Increased
labor competition and lower profit mar-
gins are likely to lead to lower invest-
ments in capital and safety equipment by
some employers, as well as work speed-
ups. The large number of fatalities at the
poultry processing plant in Hamlet may
be paradigmatic. In violation of safety
codes, there had never been a fire drill at
the plant, exits were not marked, and
many exit doors were locked shut. The
fire occurred when assembly lines were
kept running while repairs on a hydraulic
line were made. These workers' deaths
should serve as sentinel events, directing
future occupational safety efforts. The
effect of declining employment in manu-
facturing industries may be more pro-
nounced in states with weak labor organi-
zations, since strong labor leadership
historically has been important to struggles
to maintain and improve workplace safety.
Furthermore, the process of declining
employment in an industry may serve to
undermine workers' bargaining positions,
as employers threaten to move manufactur-
ing jobs out of the state.
This paper has focused on fatal
traumatic injuries. Changes in manufactur-
ing employment, however, may increase
the importance of examining chronic
exposures and nonfatal injuries. Core
manufacturing industries, in which we
noted declining fatal injury rates, may be
associated less often with fatal traumatic
injuries than with chronic exposures (e.g.,
exposure to chemicals, radiation, and
repetitive motions) and nonfatal injuries.
The rate of fatal occupational injuries in
these industries would be interesting to
compare with the rate of nonfatal injuries;
however, such a comparison is difficult to
make since available data concerning
nonfatal occupational injuries tend to be
much less reliable than fatality data.
The decline of traditional manufactur-
ing jobs was originally theorized as a
consequence of technological innovations
and capital investment.3'10 In actuality,
however, the decline in employment in
peripheral manufacturing industries in the
United States has also followed from
international trade agreements that encour-
age the movement of labor-intensive, and
often dangerous, production abroad.1
Significantly, these trade agreements have
maintained restrictions on the movement
between countries of laborers and have
failed to ensure rights of union representa-
tion or equivalent standards for occupa-
tional and environmental protection." l'2
The results described here are consistent
with the contention that, under these
conditions, the movement of manufactur-
ing industries abroad can have negative
consequences on the working conditions
for those who remain employed in these
industries in the United States as well.'3
Further attention needs to be directed
to the economic processes shaping work
conditions, including examination of these
trends in other states and in the United
States as a whole. Identifying industries
with rising injury rates can be useful for
focusing workplace intervention efforts,
including regulation and enforcement.
Furthermore, a better understanding of the
effects of economic factors on working
Public Health Briefs
conditions may allow worker safety to be
considered more explicitly in developing
industrial and trade policy. C:
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